During the last decade, there have been enormous improvements in our understanding of the complex pathobiology of PAH, which subsequently led to tremendous advances in the treatment options and improved the disease outcome. A meta-analysis performed on 23 randomized clinical trials (RCTs) in PAH patients has reported a 43% reduction in mortality and a 61% decline in hospitalizations in patients treated with an average treatment period of 14.3 weeks of specific drug therapies.\[[@ref1]\]

Despite these considerable improvements, PAH remains an incurable condition with poor outcome.\[[@ref2]\] In addition, the complex treatments for advanced cases are still invasive and prone to significant side effects; hence, an extensive knowledge and experience of the multidiscipline treatment team are critical to optimize the use of available resources and to improve the outcomes.

Treatment Strategy for PAH Patients {#sec1-1}
===================================

The optimal choice of initial specific therapy depends upon a number of factors including the patient\'s functional status (see under *Assessment of Disease Severity* in the main guidelines), the vasoreactive response, and access to specific treatment. An evidence-based treatment algorithm is described in the *Treatment section* in the main guidelines.

The following discussion intends to give a detailed perspective regarding all of the specific-drug therapies available in Saudi Arabia.

Calcium-channel blockers (CCBs) {#sec2-1}
===============================

Class of Recommendation for vasoreactive patients: I & Level of Evidence: B {#sec3-1}
---------------------------------------------------------------------------

In the late 1980s, CCBs gained attention as a simple, yet effective, treatment for a subgroup of IPAH patients. Vasodilator therapy was based on evidence for the presence of smooth muscle medial hypertrophy and muscular contraction with a resultant elevation in the PVR.

Favorable outcomes in vasoreactive PAH patients with high dose CCBs, including a survival advantages, has been shown in several, non-randomized, non-controlled studies.\[[@ref3][@ref4][@ref5][@ref6]\] The 1, 3, and 5-year survival in CCBs treated patients was 94%, 94%, and 94% compared to 68%, 47%, and 38% in those who were classified as non-responders. In these studies, the control group, however, consisted of non-vasoreactive patients who may have an inherently poorer prognosis as compared to vasoreactive individuals.

Generally, less than 10-15% of PAH will meet the criteria for a positive acute vasoreactive response and only a subset of them will demonstrate clinical and hemodynamic long-term response to CCB treatment. A positive acute vasoreactive response (positive acute responders) is defined as a reduction of mean pulmonary artery pressure (mPAP) by \>10 mmHg to reach an absolute value of mPAP \<40 mmHg, with an increased or unchanged cardiac output.\[[@ref3][@ref4]\]

The characteristics of PAH patients, who benefit from long-term CCBs have been clearly identified.\[[@ref7]\] These include vasoreactive PAH patients, who continue to be in modified NYHA functional class I or II after at least 1 year on CCBs monotherapy. Only a subset of vasoreactive patients (around 50%) shows such a long-term improvement. Children, however, were shown to have a better response to CCBs compared to adults.

The long-term outcome of CCB treatment in IPAH pediatric patients was evaluated in a cohort of 77 children.\[[@ref8]\] Survival for all children treated with CCBs at 1, 5, and 10 years was 97%, 97%, and 81%, respectively.

CCBs with a significant negative inotropic effect, such as verapamil, should be avoided. Nifedipine, diltiazem, or amlodipine are used most frequently, with the choice often based on the heart rate at baseline (relative bradycardia favoring nifedipine, while relative tachycardia favoring diltiazem). The doses of these drugs that have shown efficacy in IPAH are relatively high (i.e. up to 120-240 mg/day for nifedipine and 240-720 mg/day for diltiazem).\[[@ref5]\] While early recommendations seemed to favor starting with relatively high doses of CCBs, it is probably more advisable to start with low doses to be increased cautiously and progressively in the subsequent weeks to the maximal tolerated regimen.

Side effects and limiting factors for dose increase are usually systemic hypotension. Lower limb edema is another bothering side effect, but not a limiting one.

Clinical pearls {#sec3-2}
---------------

Only vasoreactive PAH patients are to be considered for CCB therapy. In contrast, patients with a negative vasoreactivity test should be treated with an alternative agent because CCBs have not been shown to be beneficial in these patients and may be harmful.Patients should be followed up closely for both safety and efficacy, with an initial reassessment after 3 months of therapy to ensure that patients maintain the long-term response to CCBs therapy.In those patients who fail to maintain the long-term response, addition of PAH specific drug therapy rather than replacement is recommended, as some patients show significant hemodynamic deterioration if CCBs are withdrawn.

Prostacyclin {#sec2-2}
============

Prostacyclin (PGI~2~) is naturally synthesized by vascular endothelium. It is a potent vasodilator of all vascular beds and has significant antiproliferative activities.\[[@ref9]\] An imbalance of the prostacyclin metabolic pathways has been found in patients with PAH.\[[@ref10]\] Such imbalance represents a convincing basis for the therapeutic use of prostacyclin in PAH patients.

Beside its role as a vasodilator, the long-term effect of prostacyclin is thought to relate to its anti-remodeling effects that result from its inhibitory effects on vascular growth, muscular hypertrophy and thrombotic obliteration.\[[@ref11]\]

Epoprostenol (Flolan) {#sec2-3}
=====================

Class of recommendation: I & Level of evidence: A FDA Approval: 1995 {#sec3-3}
--------------------------------------------------------------------

Epoprostenol is a synthetic prostacyclin with a short half-life in the circulation (3-5 min). It is rapidly converted to stable breakdown products or metabolites and is stable at room temperature for only 8 hours. Because of these features, the drug is administered by a continuous IV infusion through a special pumps and permanent intravascular catheter.

The efficacy of epoprostenol has been confirmed in controlled clinical trials in IPAH patients\[[@ref12][@ref13][@ref14]\] and in PAH associated with the scleroderma.\[[@ref15]\] Such efficacy was reflected by improved quality of life, hemodynamics, and exercise capacity. Favorable results have also been shown in uncontrolled studies in other PAH subclasses, such as PAH associated with systemic lupus erythematosus and other CTD,\[[@ref16][@ref17]\] PAH associated with porto-pulmonary hypertension,\[[@ref18]\] HIV infection,\[[@ref19]\] and PAH associated with congenital heart defects (with or without systemic to pulmonary shunts).\[[@ref20]\]

Survival advantage for epoprostenol has been also confirmed.\[[@ref21][@ref22]\] The estimated 1, 2, 3, and 5-year survival rates in the epoprostenol-treated patients are 85%, 70%, 63%, and 55% and significantly better than those of the historical group: 58%, 43%, 33%, and 28%, respectively. Epoprostenol survival was also evaluated in pediatric patients with PAH and showed encouraging results. In a cohort of 35 children diagnosed with IPAH and treated with epoprostenol, the survival at 1, 5, and 10 years was 94%, 81%, and 61%, respectively.\[[@ref8]\]

Treatment with epoprostenol is usually started at a low dose, 1 to 2 ng/kg/min, and increased by 1 to 2 ng/kg/min every one to two days as tolerated. Once the dose of 6-10 ng/kg/min is achieved (usually within one to two weeks), most patients require dose increases of 1 to 2 ng/kg/min every two to four weeks to sustain the clinical effect. The optimal dose varies between individual patients ranging in the majority between 20 and 40 ng/kg/min. However, a maximal dose has not been established, and patients on chronic therapy may receive doses as high as 150 to 200 ng/kg per/min with sustained clinical and hemodynamic benefit.

Adverse effects of epoprostenol are usually mild and dose dependent (mainly initial dosing). Flushing, jaw pain, diarrhea, headache, backache, foot and leg pain, abdominal cramping, nausea, and rarely hypotension are among the most commonly observed side effects. Ascites has also been reported, which may be related to increased permeability of the peritoneal membrane induced by epoprostenol. Dose reduction is required only if the intensity of the side effect is moderate to severe. Recurrence of side effects is less likely to occur if the dose is increased slowly and usually is mild and self-limiting over time without dose changes.

Successful use of epoprostenol in pregnancy has been reported in case reports in women with PAH.\[[@ref23]\] However, despite this anecdotal experience, it must be clearly emphasized that all young female patients should be strongly advised against pregnancy, given appropriate contraceptive recommendations, and, if necessary, undergo early termination of pregnancy (see the article "General Management of Pulmonary Hypertension\").

Complications of the drug delivery system, such as pump malfunction, local cellulitis, catheter obstruction and sepsis are often serious and require prompt identification and management. In two large series, 0.14 and 0.19 episodes of sepsis per patients-year were reported, and 8 deaths (2.8%) out of a total of 340 subjects were directly related to catheter infections.\[[@ref21][@ref22]\]

Finally, any abrupt interruption of the epoprostenol infusion should be avoided by all means, as a rebound worsening of pulmonary hypertension (PH) with acute right heart failure and even death has been reported.

Clinical peals {#sec3-4}
--------------

Whenever possible, epoprostenol should be considered as the first-line agent in patients with severe disease (i.e., modified NYHA class IV).Complications of the delivery system should be recognized and dealt with promptly.Interruption of treatment infusion, even for a brief time, can be hazardous.

Treprostinil (Remodulin) {#sec2-4}
========================

Class of recommendation: I (NYHA III) & IIa (NYHA IV). Level of evidence: B FDA Approval: 2002 (Subcutaneous) & 2004 (Intravenous) {#sec3-5}
----------------------------------------------------------------------------------------------------------------------------------

Treprostinil is an analogue of epoprostenol that can be administered by intravenous (IV) or subcutaneous route. Micro-infusion pumps and small subcutaneous catheters are used to deliver via the subcutaneous route of treprostinil, and therefor, the complications of this delivery system are much less than the IV system used for epoprostenol treatment. However, the side effect may be greater, especially related to pain at the site of subcutaneous infusion.

The efficacy of continuous subcutaneous administration of treprostinil in PAH patients has been confirmed in a number of studies. Such beneficial effects include improvements in 6 minute walk test (6MWT), modified NYHA functional class, hemodynamics, and possibly survival.\[[@ref24][@ref25][@ref26][@ref27]\] The greatest improvement is observed in patients who are more compromised at baseline, and the benefits are dose dependent.\[[@ref24]\]

IV treprostinil has also been studied and found to be effective in improving symptoms, exercise intolerance, and hemodynamics.\[[@ref28]\] Inhalation form of treprostinil are also available with limited clinical use.

A number of advantages of parenteral treprostinil compared to epoprostenol have been noticed. Such advantages, which include the option of continuous subcutaneous delivery, the longer half-life that makes interruption of the infusion less immediately life threatening, and the stability at ambient temperature, allow more flexibility and easier administration. Furthermore, based upon preliminary results, patients who are already receiving IV epoprostenol can be safely transitioned to treprostinil (subcutaneous or intravenous) without a significant loss of clinical efficacy.\[[@ref29][@ref30]\]

The recommended starting dose of treprostinil is 1.25 ng/kg/min, which is increased by 1.25 ng/kg/min per week during the first 4 weeks, hen by 2.5 ng/kg/min per week until the desired effect is achieved. A more rapid dose escalation has been recommended in severely ill patients and found to be safe.

Beside the prostacyclin-type adverse effects, infusion site pain is the most common side effect of subcutaneous treprostinil and occurs in around 80% of patients, leading to discontinuation of the treatment in 6-8% of cases. It is primarily related to initiation of infusion and seems to be also related to the volume infused. In most cases, the pain is manageable and improves after several weeks. Relocation of the infusion site, cold or hot compresses, local analgesic ointments and administration of paracetamol or non-steroidal anti-inflammatory drugs are sometimes helpful. Short course of oral systemic steroid (Prednisolone 1-2 mg/kg/day) has been also found to be helpful, but occasionally, narcotic drugs might be necessary. In severe cases, shifting to IV treprostinil or epoprostenol is needed.

Inhaled iloprost (Ventavis) {#sec2-5}
===========================

Class of recommendation: I & Level of evidence: A FDA Approval: 2004 {#sec3-6}
--------------------------------------------------------------------

Iloprost is a chemically stable prostacyclin analogue available for IV in aerosol forms. Inhaled therapy for PAH is an attractive rout for drug delivery because of the theoretical advantage that the deposition of the drug is in predominantly well-ventilated alveoli, and hence improve the V/Q matching and oxygenation.

After a single dose of inhaled iloprost, 10-20% reduction of mPAP was observed and lasted up to one hour.\[[@ref31][@ref32]\] The short duration of action requires frequent inhalations (from 6 to 9 times daily) to obtain a long-lasting effect with chronic therapy. With jet nebulizers, the duration of each inhalation takes about 15 min; the inhalation time, however, can be shortened to about 5 min with ultrasound nebulizers.

Inhaled iloprost has been shown to be a safe, effective, and well-tolerated treatment for varying classes of severe PAH, including IPAH and CTD-APAH. It has also shown some efficacy in inoperable CTEPH patients. Such efficacy includes improved modified NYHA functional class, exercise tolerance, hemodynamics, clinical worsening, and probably survival.\[[@ref33][@ref34][@ref35]\]

Finally, the use of inhaled Iloprost has been also reported in case series of pregnant women with PAH. Nebulized Iloprost was commenced as early as 8 weeks of gestation. All delivered children were free from congenital abnormalities, and there was no post-partum maternal or infant mortality.\[[@ref36]\]

Sodium Beraprost (Dorner) {#sec2-6}
=========================

Class of recommendation: IIb & Level of evidence: B {#sec3-7}
---------------------------------------------------

Beraprost is an orally active prostacyclin analogue. It has a rapid absorption in fasting conditions and peak concentration is reached after 30 min.

Beraprost has been used extensively in PAH patients in the Far East countries, but has seen limited usage in other parts of the world. The drug has been evaluated in PAH patients in many studies and showed efficacy in improving 6MWT and slowing disease progression as defined as death, transplantation, epoprostenol rescue, or \> 25% decrease in VO~2max~.\[[@ref37][@ref38]\] These beneficial effects were evident in the first 3 months of starting therapy but not at either 9 or 12 months.

Drug-related adverse events include the usual prostacyclin-related adverse effect. However, GI symptoms are more likely to develop compared to other forms of prostacyclin. A slow release form of Beraprost is available that was found to have less severe GI side effects that the regular form and allows for twice daily dosing.

Beraprost has been used only in few patients in Saudi Arabia, and so the local clinical experience is limited.

Endothelin-1 receptor antagonists (ERAs) {#sec2-7}
========================================

Endothelin-1 (ET-1) is a potent vasoconstrictor and a smooth-muscle mitogen that contributes to the increased vascular tone and to the pulmonary vascular hypertrophy associated with PAH. The activation of the ET-1 system has been clearly demonstrated in both plasma and lung tissues of PAH patients.\[[@ref39][@ref40]\] Two distinct endothelin-receptor types located in vascular smooth muscle cells have been identified, ET~A~ and ET~B~.\[[@ref41]\] Activation of these receptors facilitates vasoconstriction and proliferation of vascular smooth-muscle cells. ET~B~ receptors are also present in the endothelial cells, where their activation principally promotes the clearance of endothelin in the vascular beds of the lung and kidney, and also cause vasodilation and NO release.\[[@ref41]\]

Bosentan {#sec2-8}
========

Class of recommendation: I & Level of evidence: A FDA Approval: 2001 {#sec3-8}
--------------------------------------------------------------------

Bosentan is a non-specific oral dual ET~A~ and ET~B~ receptor antagonist.\[[@ref42]\] The efficacy of bosentan in IPAH has been evaluated in many randomized clinical trial (RCTs) that have shown significant improvement in exercise capacity, modified NYHA functional class, hemodynamics, and time to clinical worsening.\[[@ref43][@ref44]\] One RCT enrolled exclusively milder patients with modified NYHA FC II and has confirmed the efficacy of bosentan in slowing down the disease progression at this early stage of the disease.\[[@ref45]\]

The role of bosentan in PAH associated with congenital heart disease (CHD) was also evaluated. A multicenter, 16-week, double-blind, randomized, and placebo-controlled study of bosentan therapy in patients with Eisenmenger syndrome (BREATH-5) has reported a significant improvements in both hemodynamic parameters and exercise tolerance without worsening of oxygen saturation in this group of patients.\[[@ref46]\]

The use of bosentan in children 4-17 years of age, with PAH was evaluated in an open-label, uncontrolled single and multiple-dose study (BREATHE -3), in which a significant improvement in hemodynamics was observed after 12 weeks of treatment either with bosentan alone or in combination with epoprostenol.\[[@ref47]\]

The effect of bosentan on survival was also evaluated. Observed survival up to 3 years was reported as Kaplan-Meier estimates and compared with predicted survival as determined for each patient by the National Institutes of Health (NIH) Registry formula.

Kaplan-Meier bosentan survival estimates were 96% at 1 year and 89% at 2 years, while the predicted survival was 69% and 57%, respectively.\[[@ref48]\]

A dose dependent hepatic toxicity is the most serious side effect of bosentan, and so the US Federal Drug Association requires that liver function tests be performed at least monthly in patients receiving bosentan. Also mild anemia is a frequently reported complication of long-term bosentan treatment and serial checking for hemoglobin level is recommended.

Women in childbearing age should be informed about the potential teratogenicity of the drug and proper contraceptive methods must be employed. Drug-drug interaction with contraceptive medication has been noticed with bosentan, and so oral contraceptive pills should not be used as a sole mechanism for contraception. Regular pregnancy testing is recommended in women of childbearing age. Finally, there is a concern that the endothelin antagonists as a class may cause testicular atrophy and male infertility. Younger males who may consider conceiving should be counseled regarding this potential side effect before taking these drugs.

The bosentan starting dose is 62.5 mg twice daily for 4 weeks, and if liver function tests are stable, then the dose should be increased to 125 mg twice daily.

Ambrisentan {#sec2-9}
===========

Class of recommendation: I & Level of evidence: A FDA Approval: 2007 {#sec3-9}
--------------------------------------------------------------------

Two Phase III clinical trials (ARIES-1 & ARIES-2) have confirmed the efficacy of ambrisentan in the treatment of PAH patients.\[[@ref49]\] The drug has shown significant efficacy in improving exercise capacity, modified NYHA functional class, hemodynamics, and the time to clinical worsening in this group of patients. Ambrisentan also has a possible survival benefit when compared with predictive survival based on the NIH registry data.

The most frequent side effect of ambrisentan is headache, which occurs in about 10% of the patients. Hepatic toxicity, however, has not been reported in ambrisentan-treated patients. Furthermore, ambrisentan has no apparent drug-drug interaction with sildenafil or warfarin. Finally, similar to bosentan, ambrisentan is contraindicated in pregnancy. There is a concern regarding the use of ambrisentan in patients with concurrent idiopathic pulmonary fibrosis (IPF) as a randomized placebo-controlled trial of patients with IPF found that ambrisentan was associated with an increased risk of disease progression and hospitalizations.\[[@ref50]\]

Ambrisentan is used as a 5 or 10 mg single daily dose.

Sitaxsentan {#sec2-10}
===========

Sitaxsentan was withdrawn from the market because of hepatic toxicity.

Macitentan {#sec2-11}
==========

Class of recommendation: I & Level of evidence: A FDA Approval: 2013 {#sec3-10}
--------------------------------------------------------------------

Macitentan is a novel dual endothelin receptors antagonist with sustained receptor binding that holds great promise as a therapy for patients with PAH. The long-term efficacy and safety of macitentan in PAH patients has been recently reported in a large, multicenter, double-blinded, placebo-controlled, event-driven, phase III trial, the SERAPHIN study.\[[@ref51]\] Macitentan at 2 different doses (3 mg and 10 mg once daily) was shown to significantly reduce both morbidity and mortality in PAH patients. Patients receiving the 10 mg dose had 45% reduction in morbidity and mortality compared to placebo. The drug was well tolerated and no hepatic toxicity was noted.

Type 5-phosphodiesterase inhibitors {#sec2-12}
===================================

The vasodilator effect of nitric oxide (NO) is dependent on its ability to sustain cGMP content in vascular smooth muscle. The half-life of intracellular cGMP is short secondary to the rapid degradation by phosphodiesterase enzymes; the most important is phosphodiesterase type 5 (PDE-5).\[[@ref52][@ref53]\] PDE-5 gene expression and activity are found to be increased in chronic PH and PDE-5 is strongly expressed in the lungs.\[[@ref54][@ref55]\]

Sildenafil {#sec2-13}
==========

Class of recommendation: I & Level of evidence: A FDA Approval: 2005 {#sec3-11}
--------------------------------------------------------------------

Sildenafil is a highly specific PDE-5 inhibitor and has been shown in numerous studies to have favorable effects in many forms of PAH.\[[@ref56][@ref57][@ref58]\] A pivotal RCT (SUPER-1) evaluated the efficacy and safety of oral sildenafil 20 mg, 40 mg, and 80 mg 3 times daily versus placebo, for 12 weeks, in the treatment 278 WHO functional class II and III PAH patients (≥18 years of age and have either idiopathic or associated with connective tissue disease or with repaired congenital systemic-to-pulmonary shunts).\[[@ref59]\] Compared to placebo, all sildenafil doses led to significant improvement in symptoms, 6MWT, and hemodynamic parameters at week 12. Although all doses showed clear short-term efficacy, the 1-year durability effect has been demonstrated only with the higher dose of 80 mg. However, recent study has raised concern about the safety of high dose sildenafil in pediatric PAH patients,\[[@ref60]\] and subsequently the FDA has released a warning letter regarding using sildenafil in this group of patients. Despite the FDA warning, both the European Medicine Evaluation (EMEA) and the Saudi Association for Pulmonary Hypertension (SAPH) have released a safety letter concerning the use of moderate to high doses of sildenafil in pediatric PAH patients, and as such most pediatric PH specialist in Europe and the Middle East have continued using sildenafil in pediatric populations, although the lowest effective dose is always chosen.

From a broader perspective, the acute hemodynamic effect of sildenafil has been shown to be comparable to that of inhaled NO (iNO), while sildenafil plus iNO was more effective than iNO alone.\[[@ref61]\] Finally, sildenafil has also been shown to inhibit high altitude-induced pulmonary hypertension.\[[@ref62]\] In this study, sildenafil was started (at the dose of 40 mg T.I.D) 6 to 8 hours after arrival to high altitude and maintained for the whole duration.

In general, sildenafil treatment is well tolerated. Headache, nasal congestion, flushing, and visual disturbances are the most widely reported side effects and related to the vasodilatation.

Tadalafil {#sec2-14}
=========

Class of recommendation: I & Level of evidence: A FDA Approval: 2009 {#sec3-12}
--------------------------------------------------------------------

Tadalafil is another selective phosphodiesterase type-5 inhibitor that shows efficacy in PAH management.

A large RCT (PHIRST) on 406 PAH patients (approximately 50% were on background bosentan therapy) treated with tadalafil 5, 10, 20, or 40 mg once daily has shown favorable results on exercise capacity, modified NYHA functional class, hemodynamics, and time to clinical worsening at the largest dose.\[[@ref63]\] The one-year durability of the effect has also been shown in an open extension study.

Tadalafil is used as a single daily dose of 20-40 mg and the side effect profile is similar to that of sildenafil.

Guanylate cyclase stimulators {#sec2-15}
=============================

Stimulators of the nitric oxide receptor, soluble guanylate cyclase (sGC), have a dual mode of action. They increase the sensitivity of sGC to endogenous NO and they also directly stimulate the receptor by a mechanism, which is independently of NO.

Riociguat {#sec2-16}
=========

Class of recommendation: I & Level of evidence: A FDA Approval: 2013 {#sec3-13}
--------------------------------------------------------------------

Riociguat is a novel oral sGC stimulant. In a recently published large RCT (PATENT) in PAH patients, riociguat has been shown to improve the 6MWT both in patients who were treatment naïve for the disease and in those who were receiving ERAs or prostanoids. Riociguat also improved hemodynamics, NT-pro BNP levels, modified NYHA functional class, time to clinical worsening, and Borg dyspnea score.\[[@ref64]\]

Furthermore, riociguat is the first pharmacological therapy to show significant and sustained benefits in patients with inoperable chronic thromboembolic pulmonary hypertension (CTEPH). In a recently published RCT (CHEST) in inoperable CTEPH patients, riociguat significantly improved 6MWT in this group of patients. Pulmonary vascular resistance (PVR) decreased by 226 dyn/sec/cm^-5^ in the riociguat group compared to placebo, while NT-pro BNP and modified NYHA functional class significantly improved.\[[@ref65]\]

In both studies, riociguat was tested in 2 different doses, 1.5 mg and 2.5 mg 3 times per day. The drug was well tolerated and the most common side effects were dizziness, hypotension, and syncope that were not significantly different compared to placebo. Hemoptysis was noticed in few patients and warrants further evaluation. Of note, riociguat should not be used along with PDE-5 inhibitors due to a risk of hypotension.

Tyrosine kinase inhibitors {#sec2-17}
==========================

A cancer biology theory has been proposed in PAH. Undoubtedly, PAH has many bio-pathological neoplastic features, including anti-apoptosis, upregulation of many growth factors, such as platelets derived growth factor, and a selective down-regulation of the potassium channels that result in increase in intracellular free Ca^2+^ and K^+^ concentrations, al of which play an important role in pulmonary artery smooth muscle cells (PASMC) contraction, proliferation and resistance to apoptosis.\[[@ref66]\] All of these active "neoplastic"-like features suggested antineoplastic therapy could be a very attractive tool in the management of PAH patients.

Imatinib {#sec2-18}
========

Class of recommendation: IIb & Level of evidence: B FDA Approval: Not approved {#sec3-14}
------------------------------------------------------------------------------

Imatinib, a tyrosine kinase inhibitor, has shown good efficacy in improving clinical symptoms, exercise tolerance, and hemodynamics in phase II trials.\[[@ref67]\]

However, a double-blinded placebo-controlled, randomized phase III trial (IMPRES) resulted in major concerns with using this drug in PAH patients. Despite the fact that patients treated with imatinib experienced better exercise tolerance (the primary endpoint) and significant improvement in hemodynamics, the time to clinical worsening and mortality were not different between the 2 groups.\[[@ref68]\]

Furthermore, the side effects profile was a major concern in imatinib-treated patients (mainly cerebral hematoma). Certainly, more studies are needed before this group of drugs can be routinely considered in the management of PAH patients.

The class of recommendations and level of evidence for all specific drugs are summarized in table 11 in the main guideline.

Future treatment {#sec3-15}
----------------

New therapeutic strategies targeting different pathobiologic pathways are under phase II and III clinical trials.

The proliferation of pulmonary artery smooth muscle cells (PASMCs) in PAH is stimulated by serotonin due to increased expression of the serotonin transporter (5-HTT).\[[@ref69]\] 5-HTT inhibitors may thus prove to be therapeutically efficacious in the management of PAH.Thromboxane A~2~ is a powerful vasoconstrictor, platelet aggregant, and smooth muscle mitogen. Terbogrel, a potent orally active thromboxane synthetase inhibitor and thromboxane receptor antagonist, was effective from a pharmacologic standpoint in reducing thromboxane metabolites in PAH patients by as much as 98%.\[[@ref70]\] However, the study had early termination because of the side effects in terbogrel group.Selexipag is an oral prostacyclin (PGI~2~) receptor agonist that is clinically distinct from PGI~2~. Results of placebo-controlled, double blind, phase II study showed a statistically significant reduction in PVR (primary parameter for the study).\[[@ref71]\] Results also showed an encouraging numerical improvement in 6MWT. Selexipag was well tolerated and the safety profile was in line with the expected pharmacologic effect. Selexipag is being evaluated in the Phase III GRIPHON trial. Final study results of this event-driven study are expected by mid-2014.Additional compounds are at different stages of development: Inhaled vasoactive intestinal peptide, rho-kinase inhibitors, vascular endothelial growth factor receptor inhibitors, angiopoietin-1 inhibitors, and elastase inhibitors.Gene therapy has been tested in different animal models. Stem cell therapy has proven to be effective in the monocrotalin rat model and is currently being evaluated in proof-of-concept and dose finding studies in PAH patients.

Combination therapy {#sec3-16}
-------------------

Combination therapy refers to the simultaneous use of more than one PAH-specific class of drugs. Despite the absence of long-term data confirming the efficacy and safety of combination therapy, this strategy has become the standard of care in most PAH centers.

Combination therapy has been suggested in two different strategies, sequential or upfront combination strategy.

Sequential combination strategy {#sec2-19}
===============================

Class of recommendation: IIa & Level of evidence: B {#sec3-17}
---------------------------------------------------

A number of case series have suggested the efficacy and safety of sequential combination strategy in PAH patients who are not controlled on monotherapy. In one series, a step-wise use of combination therapy according to predefined treatment goals (so called "Goal oriented strategy") was associated with an improved outcome compared with a historical control.\[[@ref72]\]

The following combinations have been evaluated:

**Prostacyclin and ERAs**: The efficacy and safety of the concurrent initiation of bosentan and prostacyclin were investigated in 22 modified NYHA class III and IV PAH randomized to receive either epoprostenol and placebo or epoprostenol and bosentan (BREATHE-2).\[[@ref73]\] There was a trend towards a greater improvement in hemodynamic parameters in the combination group but that did not reach statistical significance.However, it has been concluded that the study was underpowered to allow for definite conclusions.\[[@ref74]\] Another open-label study has addressed the combination of non-parenteral prostanoids and bosentan in 20 patients with IPAH.\[[@ref75]\] Bosentan was used as an add-on medication because of insufficient response to prostanoid treatment. There was a significant increase in the 6 MWT distance by 58 ±43m and significant improvement in other secondary endpoints. Adding prostacyclin treatment to bosentan was also evaluated. The addition of inhaled treprostinil was evaluated in 12 patients with symptomatic PAH despite bosentan treatment.\[[@ref76]\] Six-MWD, functional class, and hemodynamics were assessed at baseline and 12 weeks. Combination therapy was associated with an increase in 6MWD and significant improvement in both functional class and hemodynamics. Adding inhaled Iloprost to Bosentan (STEP 1) was tested in a small randomized, multicenter, double-blind trial.\[[@ref77]\] Although this was primarily a safety study, efficacy data were also available for analysis.Beside confirmation of safety, the combination of inhaled iloprost and bosentan showed efficacy in improving functional class, hemodynamics, and time to clinical worsening. The placebo-adjusted difference in 6MWT was not statistically significant (*p* = 0.051).Another 2 studies evaluated the adding of treprostinil to either bosentan or sildenafil. The first study, TRIUMPH, tested the addition of inhaled treprostinil to modified NYHA functional class III or IV despite bosentan or sildenafil monotherapy.\[[@ref78]\] The combination group had a larger improvement in the 6MWT and quality of life, but there were no differences in the time to clinical worsening, dyspnea, or modified NYHA functional class. The second study, FREEDOM-C, tested the addition of oral treprostinil to symptomatic PAH patients despite of using monotherapy of either bosentan or sildenafil.\[[@ref79]\] The dose of treprostinil was increased to a median dose of 3 mg twice daily. Discontinuation rate of 22% was noted in the treprostinil group secondary to the high incidence (\> 40%) of side effects of headache, nausea, vomiting, diarrhea, flushing, and jaw pain. However, significant improvements were noted in the secondary end-points of median dyspnea fatigue index score and combined 6MWD and Borg dyspnea score. It is important to mention, however, that oral treprostinil is an experimental compound that has not yet been proven efficacy as monotherapy and does not have a current clinical application.**Prostacyclin and phosphodiesterase-5 inhibitors**: The benefit of adding sildenafil to inhaled iloprost in PAH patients has been evaluated and found to have a positive impact on exercise tolerance (6MWT) and hemodynamics.\[[@ref80]\] A multi-national, multi-center, randomized, double-blind, placebo-controlled, parallel-group efficacy study (PACES-1) of sildenafil used in combination with IV prostacyclin to treat PAH has shown that the combination therapy improves exercise capacity, hemodynamic measurements, time to clinical worsening, and quality of life, but not Borg dyspnea score.\[[@ref81]\] Finally, 30 patients with severe PAH (*n* = 16), CTEPH (*n* = 13), or PH due to aplasia of the left pulmonary artery (*n* = 1) (all classified as modified NYHA class III or IV) were evaluated in a randomized, controlled, open-label trial.\[[@ref82]\] Patients were randomly assigned to receive 12.5 mg of oral sildenafil, 50 mg of sildenafil, combination of 12.5 mg of sildenafil plus inhaled iloprost, or combination 50 mg of sildenafil plus inhaled iloprost. Sildenafil 50 mg plus iloprost was the most effective "vasodilator regimen" as reflected by maximum reduction of pulmonary vascular resistance and increase in cardiac index, followed by 12.5 mg of sildenafil plus iloprost. Monotherapy with either drug was less potent than the combination regimens.**ERAs and phosphodiesterase-5 inhibitors**: The combination of ERAs and PDE-5 inhibitors has been evaluated in few studies. In one study of severe IPAH patients on bosentan therapy, the addition of sildenafil was associated with improvement of exercise tolerance (both 6MWT VO~2max~ as measured by CPET).\[[@ref83]\] A different study looked at the benefit for adding sildenafil in patients with PAH who failed monotherapy with bosentan.\[[@ref84]\]Significant improvement was achieved after the combination, as measured by symptoms, exercise capacity, and modified NYHA functional class. Of note, the improvement was more prominent in IPAH patients, compared to patients with scleroderma-associated PAH.In contrast to the other combination regimens, co-administration of bosentan and sildenafil may be associated with relevant pharmacokinetic interactions.\[[@ref85]\] Sildenafil has inhibitory effects on cytochrome P450 3A4 (CYP3A4) activity, which may lead to increased plasma concentrations of bosentan; \[[Table 1](#T1){ref-type="table"}\]. Bosentan may exert hepatotoxic effects and there is always a concern about a higher risk of liver damage with combined administration of bosentan and sildenafil. None of the patients in the studies previously described experienced elevations in hepatic aminotransferases when sildenafil was added to bosentan, but the small number of patients precludes any meaningful safety analysis. On the other hand, induction of CYP3A4 activity by bosentan may accelerate the metabolism of sildenafil, which may decrease the plasma concentrations of sildenafil by as much as 60%.
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Upfront combination strategy {#sec2-20}
----------------------------

### Class of recommendation: IIb & Level of evidence: C {#sec3-18}

The upfront combination strategy has gained recent interest among PH experts, especially in treating advanced PAH patients, who are known to have very poor prognosis. Few studies have addressed this new strategy. In one study, 2-drugs upfront combination therapy (ERAs + PDE-5 inhibitor or PDE-5 inhibitors + prostanoids) was started in PAH patients with modified NYHA functional class III or IV.\[[@ref86]\] Most patients showed significant improvement in symptoms scoring, 6MWT, and hemodynamics parameters, without significant side effects. Another prospective observational analysis of the efficacy and safety of upfront triple combination therapy of IV epoprostenol, Bosentan, and sildenafil in severe idiopathic and heritable PAH patients has shown marked functional and hemodynamic improvement among most patients treated with this strategy.\[[@ref87]\] The mean fall in PVR was 71% relative to baseline values, and most patients had a significant improvement in their functional class. The AMBITION study is a phase III trial comparing the upfront combination therapy of ambrisentan and tadalafil versus first-line monotherapy of either drug in subjects with PAH. The results of this study are expected in 2015 and should further help in evaluating the benefit of upfront combination strategy.

Atrial septostomy {#sec2-21}
-----------------

### Class of Recommendation = IIa (for NYHA FC IV); Level of Evidence = C {#sec3-19}

Many studies have suggested that atrial septostomy (AS) might be beneficial in the management of severe PH.\[[@ref88][@ref89]\] AS would allow right-to-left shunting and subsequently "decompress" the right ventricle. Furthermore, it should improve left heart filling leading to increased left ventricular "systemic" cardiac output. In selected patients, the net result should be towards improving oxygen delivery despite the fall in systemic arterial oxygen saturation.

The efficacy of AS in the treatment of PAH patients has been evaluated in small series.\[[@ref90][@ref91]\] In addition to symptomatic and hemodynamic improvement, an increase in survival as compared with historical control groups has also been reported.\[[@ref92]\] At present, only patients with "severe PAH" who fail medical treatment should be considered as potential candidates for the procedure.

Procedural mortality has been reported to range from 5 to 50%. Appropriate selection of patients for AS procedure is crucial. Patients with markedly elevated PVR, low arterial oxygen saturations (\<80% at rest), and those with severe right-heart failure appear more likely to have a higher complication rate and mortality following the procedure.\[[@ref93]\]

AS should only be performed in specialized centers with adequate experience in this procedure.

Lung transplantation {#sec2-22}
--------------------

### Class of Recommendation = I (for NYHA FC IV); Level of Evidence = C {#sec3-20}

Heart-lung transplantation (HLT) and lung transplant (LT) were developed in the 1980s as a cure for adults with severe pulmonary vascular disease, specifically idiopathic PAH (IPAH) and complex cyanotic congenital heart disease (CHD). The LT or HLT is offered to the patients with PAH that have failed the maximum medical therapy. As the transplant procedure carries a substantial morbidity and mortality, it is only offered to the patients in whom the survival after LT is expected to be better than the survival without the transplant.

Timing of listing for lung transplant {#sec2-23}
-------------------------------------

Although the patients in PAH group share similarities in clinical presentation, pathobiology, and therapeutic approaches, they differ in long-term survival. This difference is persistent even with the administration of advanced therapies.\[[@ref94]\] The CHD associated with PAH (CHD-APAH) patients have the best survival among the group,\[[@ref95]\] while the connective tissue diseases associated with PAH (CTD-APAH) patients have the worst long term survival.\[[@ref96]\] The HIV-APAH will not be discussed here as the HIV is considered a contraindication for lung transplant by the majority of centers. Venoocclusive disease is also an exception as there is no effective medical treatment available for this disease.

[Table 2](#T2){ref-type="table"} summarizes the contraindication for LT in PAH patients.

###### 

Contraindication for lung transplantation in PAH
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The ISHLT guidelines have given the following recommendations regarding LT in PAH:

IPAH:Guidelines for transplantation referral:NYHA functional class III or IV, irrespective of treatment.Rapidly progressive disease.Guidelines for listing/transplantation:NYHA FC III or IV despite optimal pulmonary vasodilator therapy, including intravenous prostanoid.Low (\<350 m) or declining 6-min walk test (6MWT).Cardiac Index (CI) of \< 2 l/min/m^2^.Mean right atrial pressure (mRAP) \>15 mmHg.CTD-APAH:The guidelines recommendations are similar to IPAH; however, given the inferior long-term survival especially with scleroderma, an early referral is encouraged.\[[@ref15]\]CHD-APAH:The decision for LT or HLT is more difficult in CHD-APAH patients, as this group has the best survival among all PAH groups. PAH targeted therapy has further improved survival in this group and the long survival especially after HLT remains inferior.These patients generally have a slowly declining functional status with estimated survival of over twenty years in up to 80% of such patients. The median survival on the other hand after HLT is only 3.2 years.\[[@ref97]\] As the transplant is ideally only offered to gain a survival advantage, it is difficult to decide the best timing to list these patients for transplant. There is general agreement however to list these patients for transplant if there is:Accelerated decline in functional status.More frequent hospitalizations.Recurrent massive hemoptysis.Venoocclusive disease:As there is no effective available medical treatment for venoocclusive disease, those patients should be referred early for LT.

Procedure of choice {#sec2-24}
-------------------

The LT for pulmonary hypertension (PH) began with HLT. However with the improvements in the technique and the experience with bilateral (BLT) and single lung transplant (SLT), it was soon recognized that the right ventricular function recovers after the LT in patients with advanced (PH). Conte and colleagues reviewed the outcome of all SLT and BLT for idiopathic (primary) PAH or CTD-APAH or PH due to primary lung disease. In their review the patients with IPAH receiving BLT had better survival than the patients with SLT.\[[@ref98]\] Most centers now offer BLT as the procedure of choice for patients with PAH. HLT is reserved only for patients with complex CHD where the cardiac defect cannot be repaired.

Lung transplant outcome for patients with PAH {#sec2-25}
---------------------------------------------

The response of right ventricle to LT is immediate and remarkable. While the patients no longer require their PAH medications, they may require some support of the right ventricle as it recovers. The immediate postoperative course after LT for PAH can be stormy with significant morbidity and mortality in the first three months after the transplant.\[[@ref99][@ref100]\] This is judged by the difference in the overall median survival and the conditional survival after LT for PAH.\[[@ref101]\] The median survival after lung transplant for PAH is 5.2 years.\[[@ref101]\] On the other hand the conditional survival for the IPAH patients surviving the first three months after transplant is 8.9 years.\[[@ref102]\]
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